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ABSTRACT 

The Skylab Orbital Assembly will execute momentum 

desaturation maneuvers on the dark side of the orbit in order 

to remove CMG bias momentum. 

This memorandum describes typical maneuvers based on 

current desaturation procedures and current estimates of vehicle 

inertia properties and disturbance torques. 

maximum maneuver angular velocity of .028  degrees/sec and a 

maximum rotation from solar inertial attitude of 11.7 degrees. 
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INTRODUCTION 

The Skylab O r b i t a l  Assembly (OA) w i l l  e x e c u t e  momentum 
d e s a t u r a t i o n  (dump) maneuvers on t h e  da rk  s i d e  o f  t h e  o r b i t  i n  
o r d e r  t o  remove CMG b i a s  momentum. The b ias  momentum r e s u l t s  
from b i a s  components o f  d i s t u r b a n c e  t o r q u e s  a c t i n g  on t h e  v e h i c l e .  

Th i s  memorandum d e s c r i b e s  t y p i c a l  dump maneuvers which 
t h e  OA w i l l  e x e c u t e  i n  accordance w i t h  t h e  dump p rocedures  d e f i n e d  
i n  t h e  Program D e f i n i t i o n  Document, Chapter  1 0 ,  November 4 ,  1970 
and modi f ied  by working n o t e s  from H. Kennel of MSFC. The 
maneuvers w e r e  o b t a i n e d  by a s i m u l a t i o n  of t h e  v e h i c l e  dynamics,  
t h e  d i s t u r b a n c e  t o r q u e s ,  and t h e  dump procedures .  The 
r e s u l t s  y i e l d  a maximum maneuver a n g u l a r  v e l o c i t y  of . 0 2 8  degrees /  
sec and a maximum r o t a t i o n  from so lar  i n e r t i a l  of  11.'7 degrees .  

D I S TURBANCE TORQUES 

The s i g n i f i c a n t  d i s t u r b a n c e  t o r q u e s  are t h o s e  due t o  
g r a v i t y  g r a d i e n t ,  aerodynamic d r a g ,  v e n t i n g ,  and l eakage .  

The b i a s  momentum r e s u l t i n g  from g r a v i t y  g r a d i e n t  t o r q u e  
depends upon t h e  v e h i c l e  i n e r t i a  p r o p e r t i e s  and B e t a  ( B ) . *  With 
t h e  X p r i n c i p a l  ax i s  i n  t h e  o r b i t a l  p l a n e ,  b i a s  momentum accumula tes  
o n l y  a long  t h e  X p r i n c i p a l  a x i s  and i s  p r o p o r t i o n a l  t o  t h e  d i f f e r e n c e  
between t h e  i n t e r m e d i a t e  and maximum p r i n c i p a l  moments o f  i n e r t i a .  
The OA cons ide red  here' has  t h e  f o l l o w i n g  i n e r t i a  p r o p e r t i e s  

2 ( s l u g - f t  1. 

* B  = a n g l e  f r o m  o r b i t a l  p l a n e  t o  ea r th - sun  l i n e ,  p o s i t i v e  
when sun  i s  n o r t h e r l y .  
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2 s l u g - f t  

The b i a s  momentum v e c t o r  due t o  aerodynamic d r a g  i s  
d i r e c t e d  almost p e r p e n d i c u l a r  t o  t h e  o r b i t a l  p l ane .  I t  i s  
maximum a t  B = O .  
aerodynamic d r a g  r e s u l t s  i n  a maximum bias  momentum of 
150 f t - l b - s e c  p e r  o r b i t  d i r e c t e d  n o r t h e r l y .  

F o r  t h e  a i r  d e n s i t y  model cons ide red  h e r e 2 ,  

Vent ing t o r q u e  r e s u l t s  from t h e  p r o p u l s i v e  e f f e c t  of 
g a s e s  d e l i b e r a t e l y  r e l e a s e d  from t h e  v e h i c l e .  The v e n t i n g  model 
cons ide red  here3 assumes a c o n s t a n t  v e n t i n g  t o r q u e  r e s u l t i n g  i n  
p e r  o r b i t  b i a s  momentum a long  t h e  X ,  Y ,  Z body axes  of -275, 
730, -640 f t - l b - s e c .  

Leakage t o r q u e  r e s u l t s  from cabin atmosphere l e a k i n g  
o u t  of t h e  p r e s s u r i z e d  modules of t h e  OA. The l eakage  model 
c o n s i d e r e d  here r e s u l t s  i n  a p e r  o r b i t  b i a s  momentum magnitude 
of 725 ft-lb-sec. The d i r e c t i o n  of t h e  b i a s  momentum v e c t o r  i s  
unknown b u t  it i s  assumed, f o r  each o r b i t ,  t o  be f i x e d  i n  t h e  
OA and normal t o  t h e  o r b i t a l  p l a n e  d u r i n g  s o l a r  p o i n t i n g .  I ts  
assumed d i r e c t i o n  i s  such t h a t  it makes an ang le  e q u a l  t o  o r  
less t h a n  90°  w i t h  t h e  v e n t i n g  b i a s  momentum v e c t o r :  t h u s  t h e  
t w o  bias  momentum v e c t o r s  do n o t  t e n d  t o  c a n c e l .  

4 

Z V 

During s o l a r  p o i n t i n g  t h e  Z body a x i s  w i l l  p o i n t  t o  t h e  
sun.  However, t h e  X body a x i s  w i l l  be d i s p l a c e d  from t h e  o r b i t a l  
p l a n e  by a s m a l l  r o l l  a n g l e ,  v z ,  abou t  t h e  Z body a x i s .  
absence  of a l l  d i s t u r b a n c e  to rques  b u t  g r a v i t y  g r a d i e n t ,  v z  

shou ld  be such t h a t  t h e  X p r i n c i p a l  a x i s ,  n o t  t h e  body a x i s ,  l i e s  
i n  t h e  o r b i t a l  p l a n e .  I n  t h i s  a t t i t u d e ,  g r a v i t y  g r a d i e n t  b i a s  

I n  t h e  
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momentum accumulates  o n l y  a long  t h e  x p r i n c i p a l  ax i s  and i t s  
magnitude i s  minimized. 
which accompl ishes  t h i s  i s  g iven  by z,99’ The p a r t i c u l a r  v a l u e  of v z ,  v 

where K i j  are t h e  e lements  of  t h e  d i r e c t i o n  c o s i n e  m a t r i x  which 
t r a n s f o r m s  a vector from the body t o  t h e  p r i n c i p a l  axes  c o o r d i n a t e  
system. 

Any change i n  v z  from t h e  a t t i t u d e  d e f i n e d  by Equat ion  
(1) r e s u l t s  i n  a d d i t i o n a l  g r a v i t y  g r a d i e n t  b i a s  momentum whose 
d i r e c t i o n  (cal led o r b i t a l  Z) i s  e s s e n t i a l l y  a long  t h e  l i n e  from 
e a r t h  c e n t e r  t o  o r b i t  noon. Hence, any b i a s  momentum a l o n g  
o r b i t a l  Z r e s u l t i n g  from d i s t u r b a n c e  t o r q u e s  o t h e r  t h a n  g r a v i t y  
g r a d i e n t  can  be c a n c e l l e d  by a s l i g h t  d i sp l acemen t ,  i n  t h e  p r o p e r  
d i r e c t i o n ,  of  t h e  X p r i n c i p a l  a x i s  from t h e  o r b i t a l  plane. 

For t h i s  r e a s o n ,  v z  d u r i n g  t h e  Skylab mis s ion  w i l l  n o t  
be set  as d e f i n e d  by Equation (1) b u t  w i l l  d i f f e r  from it by an  
amount s u f f i c i e n t  t o  n u l l  t h e  t o t a l  o r b i t a l  Z bias momentum. 
T h i s  w i l l  leave o n l y  t h e  o r b i t a l  Y ( p e r p e n d i c u l a r  t o  t h e  o r b i t a l  
p l a n e )  and t h e  X a x i s  b i a s  momentum t o  be dumped by t h e  n i g h t -  
t i m e  dump maneuvers. However, Equat ion  (1) (or e q u i v a l e n t )  w i l l  
be  used t o  i n i t i a l i z e  t h e  vehicle  a t t i t u d e  f o r  t h e  f i r s t  o r b i t .  

The p r o p e r  v a l u e  of v z  w i l l  be a t t a i n e d  d u r i n g  t h e  
m i s s i o n  by a momentum sampling method which de te rmines  t h e  b i a s  
momentum and c a l c u l a t e s  o r b i t  by o r b i t  changes 
order t o  c o n t i n u a l l y  c a n c e l  t h e  o r b i t a l  Z component. Some change 
i n  t h e  o r b i t a l  Z component may be due t o  v e h i c l e  a t t i t u d e  d r i f t  
r e s u l t i n g  from Z a x i s  ra te  gyro d r i f t .  

( A v z )  i n  v z  i n  

I n  n u l l i n g  t h i s  b ias  change,  
a l so  a u t o m a t i c a l l y  c o r r e c t s  t h i s  a t t i t u d e  d r i f t .  

F i g u r e  1 shows t h e  p r o p e r  v z  as a f u n c t i o n  of  B f o r  t h e  
OA and d i s t u r b a n c e  t o r q u e s  cons ide red  h e r e .  I t  r anges  from +17O 
t o  - 1 9 O .  
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' Tbl 

of a dump i n t e r v a l  symmetr ical  about  t h e  p o i n t  (dump midn igh t )  
i n  o r b i t  d u r i n g  o r b i t a l  n i g h t  a t  which t h e  X p r i n c i p a l  a x i s  i s  
t a n g e n t  t o  t h e  o r b i t .  
midnight  f r o m  o r b i t a l  midnight  i s  c a l l e d  nTM and i s  p o s i t i v e  
about  t h e  o r b i t a l  n o r t h  d i r e c t i o n .  I t  w i l l  be c a l c u l a t e d  
each  o r b i t  j u s t  p r i o r  t o  t h e  dump maneuvers by 

- 
Momentum dump maneuvers are c a l c u l a t e d  on t h e  b a s i s  

The angu la r  d i sp l acemen t  of dump 

[ ( K 1 l S V Z  + K12 C v  z ) S B  - K13CBI -1 
- K  S V ]  

qTM = t a n  
[ K 1 l C V  z 1 2  z 

v as r e q u i r e d  i n E q u a t i o n  (21, w i l l  be o b t a i n e d  
I f  s t a r  tracker o u t p u t  i s  

Z '  
f r o m  s tar  t r a c k e r  measurements. 
n o t  a v a i l a b l e ,  t h e n  u z  w i l l  be approximated by v z  
l a t e d  by Equat ion  (1). 

a s  calcu- 
99 

F igure  1 shows nTM vs.  B a s  c a l c u l a t e d  by Equat ion  ( 2 ) .  

I t  ranges  f r o m  - 4 . 4 O  t o  -19.4O. 

The dump maneuvers w i l l  o ccu r  ove r  an o r b i t a l  a n g l e  
either side of dump midnight  ( D M ) ,  and normal ly  w i l l  n o t  

e x t e n d  i n t o  t h e  s u n l i t  s e c t o r .  I f  p i s  t h e  o r b i t a l  a n g l e  between 
o r b i t a l  midnight  (OM) and o r b i t a l  s u n r i s e  (OSR) ( o r  o r b i t a l  
s u n s e t  (OSS)) , t h e n  

p D  

The s p a t i a l  r e l a t i o n s h i p  between p ,  n T M ,  and p i s  D 
shown i n  F igu re  2 
i n e r t i a  p r o p e r t i e s  produce n e g a t i v e  v a l u e s .  T h i s  makes 
F i g u r e  2 more r e p r e s e n t a t i v e  of the  a c t u a l  m i s s i o n . ) .  

( n T M  i s  shown n e g a t i v e  because  t h e  c u r r e n t  OA 
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For o r b i t s  w i t h  s m a l l  o r  no da rk  sector,  a minimum 
of  5 4 O  (30%-orb i t  dump i n t e r v a l )  f o r  p D  i s  c u r r e n t l y  p lanned .  
This  w i l l  be i n c r e a s e d  t o  63' (35O-orbit  dump i n t e r v a l )  d u r i n g  
t h e  mis s ion  i f  r e q u i r e d  by c o n t i n g e n c i e s  ( 2  CMG o p e r a t i o n ,  
e x c e s s i v e  v e n t i n g  or  l eakage  t o r q u e s ,  e t c . ) .  

The v a l u e s  o f  p D  as c a l c u l a t e d  from Equat ion  ( 3 )  
( imposing t h e  54' lower l i m i t )  are a l s o  shown i n  F igu re  1. 

DUMP MANEUVERS 

The dump maneuvers c o n s i s t s  o f  t h r e e  c o n s t a n t  a n g u l a r  
v e l o c i t y  r o t a t i o n s :  EA, w2, and w3. T h e  f i r s t  o c c u r s  o v e r  one 
f o u r t h  t h e  t o t a l  dump i n t e r v a l ,  t h e  second over t h e  f o l l o w i n g  
one h a l f  i n t e r v a l ,  and t h e  t h i r d  o v e r  t h e  remain ing  one f o u r t h  
i n t e r v a l .  Avz i s  i n c o r p o r a t e d  i n t o  t h e  t h i r d  inaneuver so t h a t  
t h e  v e h i c l e  r e t u r n s  t o  solar  i n e r t i a l  a t t i t u d e  w i t h  a new v a l u e  
of  v z .  

shown i n  F igu re  2 .  

The s p a t i a l  r e l a t i o n s h i p  of t h e  t h r e e  maneuvers i s  

Table  1 d i s p l a y s  the dump maneuvers r e q u i r e d  a t  s e v e r a l  
v a l u e s  of B .  Since  t h e  v e h i c l e  i s  i n  s o l a r  i n e r t i a l  a t t i t u d e  
b e f o r e  and a f t e r  t h e  maneuvers, t h e  f i r s t  and t h i r d  maneuvers 
i n d i c a t e  t h e  r o t a t i o n s  r e q u i r e d  from s o l a r  i n e r t i a l .  They are 
e s s e n t i a l l y  about  t h e  Y and Z body axes .  The maximum a n g u l a r  
v e l o c i t y  i s  .028 degrees / sec  and t h e  maximum r o t a t i o n  a n g l e  
i s  1 1 . 7  deg rees .  Th i s  can  be achieved by CMG c o n t r o l  unaided 
by TACS. 

As t h e  model o f  vehicle  i n e r t i a  and v e n t i n g  and leakage  
t o r q u e s  are r e f i n e d ,  t h e s e  maneuvers w i l l  change somewhat due t o  
changes i n  b i a s  momentum t o  be dumped. 

1022-WL-jf  W. Levidow 

Attachments 
F i g u r e s  1 - 2 
Table  1 
References  
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TABLE 1 

Momentum Dump Maneuvers 

B o  - 

73 

60 

30 

0 

-30 

-60 

-73 

F i r s t  Maneuver 

e 

.003 

.932 

.364 

.006 

.979 

.205 

.066 
-.853 -. 517 
.046 -. 997 

-.066 

.022 
-.990 
.137 

-. 004 
-.951 
.310 

-.028 -. 898 
.439 

- I W I  

.019 

.014 

.013 

.019 

.022 

.027 

.028 

4 

7.8 

5.8 

6.2 

9.6 

10.5 

11.3 

11.6 

Second Maneuver 

e - 
-. 097 
-.957 
.272 

-.lo3 -. 865 
.492 

.014 
-.505 
.862 

-.040 
-.005 
.999 

- .068 
.501 
.863 

.007 

.880 

.474 

.046 

.960 

.276 

I W I  

.015 

.010 

. ooo  

.003 

.008 

.019 

.020 

4 

12.2 

8.7 

0.4 

1.4 

7.9 

16.2 

17.1 

Thi rd  Maneuver 

e 

-087 
.585 -. 806 
.097 
.314 -. 944 

-. 064 
.881 
.468 

-. 027 
.996 

-.083 

.093 

.614 
-.784 

.093 -. 301 
-.949 

.060 -. 529 -. 846 

- I W I  

.018 

.014 

.013 

.019 

.022 

.028 

.027 

4 

7.7 

5.8 

6.2 

9.6 

10.4 

11.7 

11.5 

- e = Uni t  r o t a t i o n a l  v e c t o r  i n  body axes  c o o r d i n a t e s  abou t  
which v e h i c l e  rotates.  

I = Magnitude of a n g u l a r  v e l o c i t y ,  deg rees / sec .  

4 = Angle through which v e h i c l e  r o t a t e s ,  deg rees .  
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